Background/Aims: ERCP using fluoroscopy should be practiced with an adequate radiation protection. However, the awareness of gastrointestinal endoscopists to radiation protection was considered insufficient. In Korea, a country with a rapid increase the number of ERCP procedures, there is no data about radiation protection practices for gastrointestinal endoscopists. The purpose of this study was to investigate current clinical practices and the awareness on radiation protection in ERCP performing physicians in Korea. Methods: An anonymous questionnaire regarding radiation protection practices was mailed to 100 members of Korean Pancreatobiliary Association who was porforming ERCP. The questionnaire included ERCP volume of each endoscopist, use of protection devices such as apron, thyroid shield, lead glasses and any mobile shield for scattered radiation, and whether they monitored their own radiation exposure dosage. Results: All respondents wore lead aprons during ERCP. While 52.5% of endoscopists answered that they always wear thyroid guards, 26.9% rarely or never wore it. Only 14% wore lead glasses during the procedure and 69% never wore it. The preparation rates of mobile shields or lead curtains were only 14% and 24%, respectively. Only 10% of endoscopists attached an X-ray badge and 66.7% never used it. Moreover, 75% of endoscopists responded that they did not monitor their own exposure dose to radiation during ERCP. Conclusions: The lack of radiation protection of ERCP endoscopists in Korea was seemed serious. Awareness of radiation hazard should be more concerned and educated in parallel with the preparation of radiation protection equipments. (Korean J Gastroenterol 2011;58:93-99) 
INTRODUCTION

Endoscopic retrograde cholangiopancreatography (ERCP)
is an essential medical tool for the diagnosis and management of pancreatobiliary diseases. Fluoroscopy is commonly used for ERCP and creates ionizing radiation that can lead to chemical or biological damage in exposed personnel.
Exposure to radiation can result in somatic effects or genetic
The Korean Journal of Gastroenterology Korea is one of the countries with a rapid increase in diagnostic and therapeutic ERCP procedures. However, awareness of the radiation hazards for gastrointestinal endoscopists has never been evaluated, and there is no data on radiation protection practices for endoscopists performing ERCP.
The objective of this study was to investigate current clinical practices for radiation protection and monitoring among ERCP-performing physicians.
SUBJECTS AND METHODS
The survey subjects were selected among general hospital 
RESULTS
ERCP case volume
The questionnaire was completed and returned by 78 
Lead apron wearing
All respondents answered that they always wore lead aprons during ERCP. However, most aprons (55%) were the frontal cover-type, which did not fully protect the back and were equipped with dedicated hangers to prevent cracks ( Fig. 1 ).
Thyroid and eye protection
The thyroid gland is susceptible to radiation hazard.
Cataract development is also known to be directly related to radiation exposure. Thyroid guards and lead glasses were evaluated because they were strongly recommended, particularly to the main operator who worked nearest to the radiation field. Only 55% of endoscopists always wore thyroid collars, and 26.9% rarely or never wore them ( Fig. 2A) .
Furthermore, 80% of respondents answered that they never wore leaded glasses, and only 14% wore them during every procedure (Fig. 2B ).
Protection from scattered radiation
It is well known that a significant amount of wave scattering occurs when radiation flows through the patient's body.
This scattered radiation is high-energy and is known to be harmful to workers in the fluoroscopy room. We evaluated the preparation rates of lead curtain or mobile shields that were known to be effective as secondary devices to protect endoscopists and clinical staff from scattered radiation. In this study, only 24% of hospitals prepared mobile shields, and only 14% had lead curtains (Fig. 3) .
Monitoring of radiation exposure
All fluoroscopy room workers should monitor their radiation exposure to assess cumulative radiation dose and prevent serious complications. We evaluated the rates of use of dosimeter badges and regular checks of radiation exposure.
Of the total evaluated, 87% of endoscopists rarely or never wore dosimeter badges, and only 10% attached them every time. Moreover, only 21% checked their radiation exposure dose regularly, and 79% answered that they never monitor their own radiation exposure dose from ERCP procedures (Fig. 4) . waves. 10 However, another study showed that 0.5-mm or thicker lead aprons are necessary for protection purposes when performing ERCP. 11, 12 Therefore, it is safe to assume that 0.5-mm or thicker lead aprons will be more effective for protection against radiation exposure when performing therapeutic ERCP. In our study, 45% of lead aprons had a 0.5 mm thickness, which is known to be more protective against all kinds of radiation.
DISCUSSION
The type of lead apron is another important factor for effective radiation protection. During ERCP, unlike conventional interventional radiological procedures, in which practitioners directly face patients and radiation sources, endoscopists are not usually facing the radiation source and patient but rather standing to the side for better viewing of the fluoroscopic monitor and endoscopic video screen. This means that a front-only lead apron may not be adequate in providing coverage to the endoscopist. Therefore, it is more effective to wear wrapping-type aprons rather than frontal cover types. 9 Our survey results show that, although all practitioners wore lead aprons, the majority wore frontal cover types. Additionally, lead aprons should be kept on dedicated hangers to prevent damage or loss, because creases and puckers on the lead apron can result in cracks where scattering waves can penetrate. In this survey, 9% of responders were not equipped with dedicated hangers, and so they may need to purchase apron hangers for safe storage.
One study suggested that thyroid collars could reduce the total body effective dose by 46% per year. 13 Therefore, thyroid collars are an essential protective device not only to protect physicians' thyroids but also to reduce the entire body exposure dose. However, a number of physicians are unaware of or indifferent to thyroid protection. There are reports that only 47% of interventional radiologists 13 and 52% of ERCP practitioners 14 always wear thyroid collars during the procedure. In this study, only 52% of endoscopists answered that they are wearing thyroid collars during every procedure.
This result suggests that it is necessary to educate endoscopists on the importance of thyroid collars in Korea.
Radiation cataracts are another common danger for ERCP endoscopists. A study showed that cataracts can occur in cases where the accumulated exposure dose is more than 2
Gray. 15 It is absolutely essential for the main operator, who works closest to the radiation source, to wear lead glasses.
However, many endoscopists are not aware of the radiation hazard to the lenses of the eye and often neglect lead glasses, which can be uncomfortable to wear. Surprisingly, only 14% of the ERCP practitioners in this study wore lead glasses.
Lead curtains and mobile shields are widely recognized as effective secondary devices to protect endoscopists and clinical staff from scattered radiation. Radiation flows straight upward or downward from the probe. Theoretically, there is no radiation exposure outside of the radiation field if there is no radiation leak. However, it is known that significant amounts of scattered waves develop when the radiation flows through the patient's body. This scattered radiation is high-energy and is harmful to workers in the fluoroscopy room. Mobile shields and lead curtains can protect the treatment providers' body parts that cannot be covered by personal protective devices, such as lead aprons, thyroid collars, and lead glasses. A research result showed that 0.5-mmthick equivalent lead mobile shields can decrease the exposure dose from 2.5 to 0.27 miliroentgen. 11 In the other study, the radiation exposure to endoscopists and assistants was significantly reduced by the use of a protective lead shield. 16 In this study, the preparation rate and usage of a mobile shield or lead curtain were quite low, reflecting the lack of knowledge among ERCP endoscopists regarding scattered radiation.
Radiation monitoring is a basic practice that must be conducted in order to minimize the exposure dose. However, radiation dosimeters are often not worn. Surveys reported that 43% of the radiologists and 47% of ERCP practitioners rarely or never use dosimeters. 14 In our survey, only 10.2% of ERCP practitioners used dosimeters, and more than 79% of all survey participants responded that they never examined their exposure dose. Therefore, it is necessary for ERCP practitioners to pay more attention to their radiation exposure status to maintain their own health. There are no set regulations for where the dosimeter must be placed, but it is generally placed under the lead apron or on the waist. If it is worn on minimum exposure areas, such as on the waist under the lead apron, then the reading may be drastically lower than the actual exposure rate. 17 If worn near the neck line of the lead apron, then it has the advantage of being able to obtain the exposure rate of the head area, but the entire exposure rate could be exaggerated. Therefore, a study is needed to obtain data on the appropriate position of the dosimeter when practicing ERCP.
Education for radiation hygiene and safety can help physicians better understand the risks and serve as a foundation for further study of protective measures. Educating non-radiologists in radiation safety and proper radiation hygiene has been shown to decrease their subsequent exposure. should be provided to hospital managers to prepare radiation protection equipment.
In conclusion, the results of this survey demonstrate an alarming lack of radiation protection for ERCP endoscopists in Korea, a country with a rapid increase in ERCP procedures.
In order to minimize radiation exposure during ERCP, awareness of radiation hazards should be stressed, and education programs with well-designed guidelines should be provided from Korean Pancreatobiliary Association. Preparation of radiation protection equipments in each institute also should be recommended or forced by law.
